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N,N-Dibromobenzenesulfonamide reacts with primary alcohols in a
1:2 molar ratio to yield the esters of the alcohols. The reaction is
believed to proceed via a free radical mechanism to generate the reac¬
tive acylbromide species which then reacts with another mole of the
alcohol to yield the ester as the final product. Benzyl alcohol and
short chain primary alcohols give the corresponding aldehydes as side
reactions.
NNDBS reacts with secondary alcohols to give ketones and alpha
bromoketones. No reaction takes place with tertiary alcohols.
N,N-Dibromobenzenesulfonamide reacts with primary, secondary
and tertiary mercaptans to yield the disulfide of the mercaptans in
each case.
When molecular bromine was used as the brominating agent, the
alcohols did not react but the corresponding disulfide was obtained
from each mercaptan.
REACTIONS OF N,N-DIBROMOBENZENESULPHONAMIDE
WITH ALCOHOLS AND MERCAPTANS
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SUBMITTED TO THE FACULTY OF ATLANTA UNIVERSITY
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During recent years, the reaction of N,N-DibroniobenzenesuI£on-
amide CNNDBS) with unsaturated hydrocarbons has received considerable
attention.^ ^ As a result of these investigations, evidence has been
acquired which shows that NNDBS selectively adds across double bonds.
In addition to this mode of addition, NNDBS acts as a brominating and
oxidizing agent. Kharash and Priestly^ reported the reaction of
N,N-Dibromo-£-toluenesulfonamide (1^) and N-bromo-N-methylsulfonamide
(£) with several unsymmetrical olefins such as propene, styrene and
2-methylpropene. Their results showed there was a different mode of














The products obtained from the two bromo-compounds, 1^ and in
the reaction with the olefins are of considerable theoretical interest.
This is mainly due to the position taken by the nitrogen and bromine
atoms in the reaction of N,N-dibromo-£-toluenesulfonamide Q) and the
N-bromo-N-methylsulfonamide with olefins. N,N-Dibromo-£-toluenesulfon-
amide adds to the olefin to yield ^ in which bromine adds to the more
substituted carbon. The second bromine appears as a vinyl bromide as
in In the case of N-bromo-N-methylsulfonamide (£), bromine takes
the position expected of a negative bromine, as in This difference
in addition products is probably due to mechanistic differences in the
two reactions. It is well-known that in the presence of peroxides
hydrogen bromide adds to olefins via a free radical mechanism, while
in the absence of peroxides, the reaction proceeds via an ionic
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mechanism. In the above reactions, it appears that N,N-dibromo-£-
toluenesulfonamide adds via a free radical mechanism while N-bromo-N-
methylbenzenesulfonamide adds via an ionic mechanism.
Oehlschlager, Kennedy and Zalkow^ investigated the reaction
of NNDBS with bicyclic compounds. They found that NNDBS reacts
vigorously with bicyclo[2.2.1]heptene to give 7-syn-bromo-2-exo-
benzenesulfonamide (8^) and 7-anti-bromo-2-exo-benzenesulfonamido-
bicyclo[2.2.IJheptane (£).
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Bicyclo[2.2.2]octene (10) under similar conditions gives 8-syn-
bromobicyclo[3.2.1]-2-octene (12) as the major product and only small




A comparison of the results obtained in the reaction of
N,N-dibromobenzenesulfonamide with norbornylene and with the bicyclo-
octene system shows an interesting feature. The formation of 7-anti-
bromo-2-exo-benzenesulfonamide (^) in the reaction with the former and
the absence of 2-exo-bromo-3-endo-benzenesulfonamidobicycloheptane
system (12) indicates that the reactive intermediate was the carbon-
carbon bridged cation 1_ rather than In the latter compound, the
formation of the 2,3-trans product, 2-exo-bromo-3-endo-benzenesulfon-
amidobicyclo[2.2.2]octane (13) indicates that the reactive intermediate
was the halogen-bridged cation 11^. Such an intermediate in the former
did not lead to the observed product.
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Takemura and co-workers ’ studied the reaction of NNDBS with
dihydropyran and with aliphatic ethers. They found that NNDBS adds
to dihydropyran in a 1:1 molar ratio, while aliphatic ethers cleave at
the carbon-oxygen bond to yield an aldehyde and an alkyl bromide. From
the above reactions they concluded that when NNDBS reacts with a com¬
pound that has unsaturation and an ether group, addition to the double
bond occurs in preference to cleavage of the carbon-oxygen bond.
N-Halo-amides such as N-brominated aromatic sulfonamides,
N-bromosuccinimides and some N-bromo derivatives of amides react with
ethylenic compounds in two ways. They add to the double bond in the
1,2-positions, and serve as allylic halogenation agents. The latter
reaction usually predominates. The allylic halogenation reaction
involves a free radical mechanism. Recent work has indicated that the
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species which abstracts hydrogen from the substrate is bromine atom. The
8,9reaction is initiated by small amounts of bromine radical. Walling
proposed the following mechanism for N-bromosuccinimide bromination of
olefins:
+ Br»
Br« + RH HBr + R-
Br
2
The source of the molecular bromine is a fast ionic reaction between
N-bromosuccinimide and hydrogen bromide. It is believed that the
N-bromosuccinimide acts as a reservoir to provide a source of molecular
g
bromine in a low steady state concentration.
Yoshio Ueno and co-workers^ in their study of the reaction of
NNDBS with cyclohexene (15) pointed out that a simple addition occurred
between the bromo compound and the olefin in a 1:1 molar ratio, forming
some intermediates which subsequently induced the second reaction with
the olefin to give the final products. The reaction was proposed as
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proceeding in two steps where the intermediate to the second step of
the reaction was assumed to be 2,N-dihalo-l-benzenesul£onamidocyclo-
hexane (16). It was also suggested that the source of hydrogen in the
formation of the final products from the intermediates was from excess
cyclohexene. In the second step, abstraction of hydrogen atoms from a
cyclohexene molecule by the intermediates 1^ and ]7 gave cyclohexadiene
(18). Simultaneously addition of halogen atoms from nitrogen of the
intermediates b6 and 17 to another molecule of cyclohexene gave the
dihalocyclohexane 19.
The reaction of NNDBS with cyclohexene and of N-halo-N-alkyl
derivatives of benzenesulfonamide with cyclohexene were compared.^
NNDBS was found to react with cyclohexene to give 1:1 molar addition
products whereas the N-halo-N-alkyl-derivatives of benzenesulfonamide
caused abstraction of hydrogen atoms and simultaneous addition of their
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halogen atoms to the cyclohexene. The tendency to form 1:1 adduct is
the predominant feature in the reaction of aromatic N,N-dihalosulfon-
amides with olefins.^ Parkerreported that trichloro- and trifluoro-
N-acetamides react with cyclohexene to give 1:1 addition products.
Ziegler^^ also reported that 2-bromophthalimide and cyclohexene react
to produce 1:1 adducts in 21 percent yield, accompanied by allylic
bromine substitution giving 3-bromocyclohexene in 50 percent yield.
In the reaction of NNDBS and cholesterol^ it was observed that
the hydroxyl group was not only oxidized to the ketone, but also bro-
mination of the carbon alpha to the carbonyl carbon occurred. Since
this resulted from reaction with a secondary alcohol, this research
was designed to study the reaction of NNDBS with primary, secondary and
tertiary alcohols, and mercaptans, to determine whether the reaction
was general, and to propose a mechanism for it.
RESULTS AND DISCUSSIONS
In order to study the reaction of NNDBS with primary alcohols
the following alcohols were chosen as substrates: methanol, ethanol,
n^-propanol, n^-butanol, n-heptanol, neopentyl alcohol, benzyl alcohol
and 3,3,3-trifluoroethanol. In addition to these secondary and tertiary-
butyl alcohols were reacted with NNDBS. A comparison of the products
formed by the reaction of the primary alcohols with NNDBS showed that
in each case (with the exception of benzyl alcohol and 3,3,3-trifluoro¬
ethanol) the major product was the ester of the alcohol, e.g., methyl
alcohol yields methyl formate, ethyl alcohol yields ethyl acetate and
neopentyl alcohol yields 2,2-dimethylpropyl-2,2-dimethylpropionate.
Secondary alcohols yield ketones and some brominated derivatives while
no reaction occurred with tertiary-butyl alcohol and 3,3,3-trifluoro¬
ethanol .
When ethyl alcohol was added to NNDBS dissolved in methylene
chloride at room temperature, there was a gradual increase in the tem¬
perature of the reaction mixture until the solvent began refluxing.
A vigorous reaction then took place which was followed by precipitation
of a white solid. A gas was evolved during the reaction. Filtration
of the mixture gave the theoretical amount of benzenesulfonamide. For
the short chain alcohols, aldehydes were formed as side products during
their reaction with NNDBS. This was verified by the melting point of
their 2,4-dinitrophenylhydrazone derivatives and comparison of their
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gas chromatograph retention times with those of authentic samples. How¬
ever, products from reaction of the longer chain alcohols gave negative
tests with 2,4-dinitrophenylhydrazine. Although no aldehydes were de¬
tected by this method this does not preclude the possibility of their
formation and subsequent oxidation to the acid.
Tertiary-butyl alcohol does not react with NNDBS. However, when
equimolar amounts of ethyl alcohol and tertiary-butyl alcohol were mixed
together and reacted with NNDBS, two major products were separated. One
of these was identified as ethyl acetate. The other product was collected
by preparative gas chromatography and analyzed by nuclear magnetic reso¬
nance and infrared spectroscopy. The infrared (ir) spectrum showed ab¬
sorptions at 3.4, 5.81, 7.23, and 7.29 y and a broad absorption band
at 8.2 y. The nuclear magnetic resonance (nmr) spectrum showed singlets
at 1.42 ppm (9 ly , and 1.85 ppm (3 H). From the above data the compound
was identified as tertiary-butyl acetate. These results indicate an
intermolecular reaction.
The reaction between primary, secondary and tertiary alcohols
and NNDBS seems to be a general one and can be written thusly:
0
2RCH^0H + C,H^SO„NBr. »- R-C-O-CH.R + 2HBr + C,H_SO-NH^2 6522 2 6522
H
2R-C-OH + C.H^SO„NBr^ »- R-C=0 + 2HBr + C,H,SO_NH-






. C^H^SO^NBr^ > No Reaction
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The product obtained from the reaction between benzyl alcohol
and NNDBS was not benzyl benzoate as was expected. It was identified
as benzaldehyde by its 2,4-dinitrophenylhydrazone derivative. No de¬
pression of the melting point was observed on admixture of 2,4-dinitro¬
phenylhydrazone derivative of the isolated aldehyde with an authentic
sample of benzaldehyde. The ir and nmr spectra were identical in every
detail to that of an authentic sample.
Because of the deep red color of the reaction mixture which de¬
veloped during the initial stage of the reaction between the alcohols
and dihalosulfonamide, the idea was developed that molecular bromine
played an active role in the process. This hypothesis was tested by
allowing ri-propyl alcohol to react with molecular bromine under the
similar conditions to those for the reaction of NNDBS with n-propyl
alcohol. No reaction occurred after two hours at room temperature. The
mixture was then heated to boiling and refluxed for three hours. The
starting material was recovered unchanged.
The reaction of mercaptans with NNDBS was also studied and com¬
pared with those of the alcohols. The mercaptans investigated were
n-butanethiol and 2-methyl-2-propanethiol. When n-butanethiol was added
slowly to NNDBS dissolved in methylene chloride at room temperature, a
very vigorous exothermic reaction occurred immediately. The reaction
mixture became deep red with a rapid increase in temperature and evo¬
lution of a copious volume of a gas. After addition of an equivalent
amount of the mercaptan, the reaction mixture became colorless and a
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white solid precipitated. This material was identified as benzenesul-
fonamide. The major product from the reaction was identified by gas
chromatography and nmr and ir spectroscopy to be butyldisulfide. The
infrared spectrum of the disulfide was similar to that of the starting
material except no S-H stretch was present at 3.85 y.
2-Methyl-2-propanethiol was also reacted with NNDBS. Contrary
to expectation (based on reactions in the alcohol series) there was a
vigorous exothermic reaction similar to that of n-butanethiol with the
precipitation of benzenesulfonamide. Analysis of the product by nmr
showed a singlet at 6 = 1.26 ppm (methyl protons of the tertiary-butyl
group). This result is consistent with the symmetrical structure of
the tertiary-disulfide compound, in which case all of the protons would
be identical.
A comparison of the reaction of NNDBS with alcohols and mercap-
tans is interesting. It may be recalled, that primary and secondary
alcohols reacted to give the ester and ketone, respectively, but no
reaction occurred with the tertiary-alcohol. With mercaptans, however,
a reaction occurred not only with the primary but with the tertiary com¬
pound as well. In the oxidation of an alcohol to form a carbonyl deri¬
vative, the alcohol must possess a hydrogen atom on the carbon to which
the hydroxyl group is attached. Thus, a possible mechanism for the
reaction involves hydrogen atom abstraction on the carbon bearing the
hydroxyl group. With mercaptans, such a mechanism cannot be applied since
2-methyl-2-propanethiol should not react with the NNDBS. It does not
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possess a hydrogen on the carbon adjacent to the S-H group. The re¬
action is probably initiated by ultraviolet light but this point has
not been unequivocally established.
The general reaction of mercaptans with NNDBS may be written
as follows:
Rj R^ R
2R,-C-SH + C^H^SO^NBr., R,-C-S-S-C-R
R2 R2 R
R = Hydrogen or Alkyl
Oxidation of thiols takes an opposite course from the oxidation
of alcohols. This is apparently due to the relative energies of the
S-H bonds (83 kcal) and O-H bonds (111 kcal). A variety of mild oxi-
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dizing agents produce disulfides from mercaptans but these oxidizing
agents have little or no effect on alcohols.
When 2-methyl-2-propanethiol was treated with molecular bromine
rather than NNDBS, there was a vigorous exothermic reaction, followed
by evolution of a gas, presumably hydrogen bromide. The color of the
mixture gradually turned pale yellow with quantitative precipitation
of benzenesulfonamide. The product isolated was a clear colorless
liquid, identified as 2-methyl-2-propyl disulfide. A comparison of
this reaction with that of NNDBS and 2-methyl-2-propanethiol seems to
indicate that molecular bromine and NNDBS react with mercaptans in a
similar way in which molecular bromine plays an important role.
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It has already been suggested, that MDBS oxidizes cholesterol
to the corresponding ketone, in which MDBS (by analogy with reaction
of N-bromosuccinimide) serves as a source of steady-state low concen¬
tration of molecular bromine. The mechanism proposed for this reaction
is one which involves a free radical. Walling proposed a free radical
mechanism for the allylic bromination of olefins with N-bromosuccinimide
He developed the idea of a low steady state concentration of molecular
bromine which he suggests plays an important role in the reaction. On
the basis of the foregoing proposals, a free radical mechanism is sug¬
gested for the reaction of MDBS with alcohols. After the initial step
which yields molecular bromine, it is believed that hydrogen atoms are
abstracted from a molecule of alcohol to yield a dibromo alcohol. This
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is followed by disproportionation of the N-bromobenzenesulfonamide
then evolution of hydrogen bromide from the dibromo alcohol to yield
the reactive acyl bromide species. The acyl bromide then reacts with
a molecule of alcohol to yield the ester. The proposed mechanism is
outlined below:
Br
C,H^SO_NBr„ C,H_SO_N- + Br-6 5 2 2 6 5 2
Br
RCH^OH + C^H^SO„N- RCHOH + C,H_SO-NHBr2 6 5 2 • 6 5 2
RCHOH + Br^ >■ RCHBrOH + Br-
- 2
Br
RCHBrOH + C^H^SoJ- s- R-CBrOH + C^H^SO.,NHBr
o o ^ • o o Z
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»■ C,H^SO-NBr- + C,H,SO-NH-OoZ Z O^ZZ
RCBr.,OH RC=0 + HBr2 ?
Br
RC=0 + RCH^OH >- R-C=0 + HBr
1 2 f
Br OCH^R
As stated earlier, benzyl alcohol gave benzaldehyde as the main
product, and the shorter chain alcohols gave aldehydes as side reactions.
Aldehydes were not detected with the longer chain alcohols. On exami¬
nation of the following series; benzyl alcohol, methanol, ethanol, n-
propanol, n-butanol, neopentyl alcohol, n-heptyl alcohol, it can be
seen that the electron donating property decreases from heptyl alcohol
through methyl alcohol, while the phenyl group is electron withdrawing.
Although a free radical mechanism seems more probable under the con¬
ditions employed, it was observed that as the electron donating property
decreases, the yield of aldehyde increases or the aldehyde becomes the
major product.
EXPERIMENTAL
All the alcohols and mercaptans were obtained from commercial
sources and were purified by distillation. Melting points were taken
on Fisher-Johns melting point apparatus and are uncorrected. Nuclear
magnetic resonance (nmr) spectra were recorded on a Varian Associated
A-60A spectrometer. Chemical shifts (6) are reported in parts per
million downfield from internal tetramethylsilane. A Beckman IR-5A
infrared spectrometer was used to record infrared spectra. Unless
otherwise stated, spectra were obtained using carbon tetrachloride
as solvent. The following abbreviations are used for infrared spectra;
s = strong; m = medium; w = weak; sh = shoulder. The spectra were
calibrated against the 6.24 p band of a polystyrene film. Indices of
refraction were recorded on a Bausch and Lomb refractometer at 20°.
Gas liquid partition chromatograph (glc) was carried out on a Varian
Aerograph A-90-P3 model with thermal conductivity detector. The column
used was a 6' x 1/4" SE 30., at a temperature of 110° unless otherwise
stated.
N,N-Dibromobenzenesulfonamide (NNDBS).--To a two-liter Erlen-
meyer flask containing one liter of a 0.1 molar aqueous sodium hydroxide
solution cooled to 0°, benzenesulfonamide (15.72 g, 0.01 m) was added
with vigorous magnetic stirring. After complete solution was obtained,
liquid bromine (23.97 g, 0.15 m) was added dropwise from a dropping
funnel. An orange-colored solid precipitated almost immediately. The
15
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stirring was continued for an additional 3 hr. The solid was collected
by suction filtration and washed five times with 50-ml portions of dis¬
tilled water, then dried in a dessicator under vacuum for 12 hr to giveN,N-dibromobenzenesulfonamide as an orange-colored solid (28 g, 88%):
mp 112-114" (lit.^^ 114").
Reaction of NNDBS with Ethyl Alcohol; Preparation of Ethyl
Acetate.—A round bottom 150 ml flask containing 25 ml of dry methylene
chloride (dried over anhydrous calcium chloride) was fitted with a
magnetic stirring bar and reflux condenser. To this was added NNDBS
(6.30 g, 0.02 m). The mixture was stirred at room temperature until
complete solution of the NNDBS was obtained. Ethyl alcohol (1.84 g,O.04 m) was added while the mixture was being stirred. The color of
the reaction mixture changed from pale amber to bright red with a
simultaneous increase in temperature. After 20 min there was a vigorous
reaction with immediate precipitation of a solid. The color of the
reaction mixture then changed to pale yellow. The stirring was con¬
tinued for 3 hr, after which the reaction mixture was chilled in ice
water. The solid was filtered and washed with chilled methylene chloride
to give benzenesulfonamide (3 g, 0.019 m, 95.5%): mp 150-152". Reaction
of a few drops of the filtrate with 2,4-dinitrophenylhydrazine gave the
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acetaldehyde derivative mp 145-147 (lit. 147 ). The filtrate was
then washed three times with 15-ml portions of distilled water, then
twice with 10-ml portions of 10 per cent aqueous sodiimi bicarbonate
solution and dried over anhydrous sodium sulfate. The solvent was then
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removed by fractional distillation at atmospheric pressure. A liquid
(1.2 g) was collected: bp 74-78“. A tarry substance left in the dis¬
tilling flask was a lachrymator and was discarded. The liquid was then
analyzed by glc. The chromatogram showed a major peak with retention
time of 1.2 min (85%) and two unidentified peaks (15%) with retention
times of 0.5 and 2 min, respectively. This was then purified by glc
to give a colorless liquid (0.96 g, 51%). The compound was identified
as ethyl acetate by comparison of its nmr, glc and ir with those of an
authentic sample: n^ 1.3723 (lit. nj 1.3753); ir 3.35 (m), 5.76
(s, >C=0 stretch), 7.28 (m), 7.7 (sh) , 8.10 (b, C-O-C stretch), 9.55
(s) p; nmr 1.24 (t, J=6Hz, 3H^), 1.98 (s, 3H), 4.14 (q, 2H, J=6Hz) ppm.
Reaction of Methyl Alcohol with NNDBS; Preparation of Methyl
Formate.--The apparatus was assembled as described in the previous ex¬
periment with ethylene chloride as solvent. NNDBS (6.30 g, 0.02 m) was
added with stirring. On complete solution of the NNDBS, methanol (1.28
g, 0.04 m) was added. A mild exothermic reaction occurred and the stir¬
ring was continued for 3 hr. The flask was then cooled below room
temperature before the reflux condenser was removed (to prevent loss of
the low boiling product). It was then placed in a water bath at 40“ and
the fraction boiling between 25-28“ collected in a test tube cooled in
Dry Ice-acetone mixture to give methyl formate (0.6 g, 48%) : ir 3.32 (m),
3.41 (sh), 3.52 (sh), 4.18 (w), 5.8 (s, >C=0 stretch), 7.01 (w), 8.22
(b, C-O-C stretch), 8.62 (w), 9.85 (s) y; nmr 4.51 (s, 3H), 8.82 (s, IH)
ppm. A solid (3 g, 95.5%), mp 150-152“, which precipitated during the
18
reaction was identified as benzenesulfonamide.
Reaction of n-Propanol with NNDBS; Preparation of n-Propyl
Propionate.--The apparatus was assembled as described in the experiment
with ethyl alcohol. NNDBS (6.3 g, 0.02 m) was dissolved in 25 ml of
methylene chloride with stirring. To this was added n-propanol (2.4 g,
0.04 m). There was a vigorous exothermic reaction followed by precipi¬
tation of a solid. The stirring was continued for 3 hr, after which the
reaction mixture was chilled in ice water, and the solid was filtered to
give benzenesulfonamide (2.9 g, 0.018 m, 92.3%): mp 150-152° (lit.^^
152°). The filtrate was treated as previously described in the experiment
with ethanol and NNDBS. The solvent was removed by fractional distil¬
lation, leaving a residue of 2.6 g. When the residue was treated with
2,4-dinitrophenylhydrazine, a derivative, mp 152-154° (lit.^^ 154°)
identified as the propionaldehyde derivative, was obtained. Analysis
by glc showed a major peak (60%) with retention time of 2 min. There
were peaks at 1.0 min and 1.5 min which were assigned to propionaldehyde
(19.8%), and unreacted alcohol (18%), and 2.5 min an unidentified com¬
pound (2.2%). The alcohol was separated from the major product by
silicic acid column chromatography with 7.5% ether in pentane as eluent.
After 20 ml of the solvent was collected, each 5-ml portion was analyzed
by ir spectroscopy for appearance of the carbonyl stretch. This continued
until there was no more evidence of the carbonyl stretch. The solvent was
then removed by fractional distillation. The residue was distilled giving
n-propyl propionate (1.4 g, 51.7%): bp 118-120° (lit.^^ 120-122°)
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1.4073 (lit. 1.4075); ir 3.35 (s), 3.45 (sh) , 5.78 (s, >C=0 stretch)
6.85 (s), 8.1 (b, C-O-C stretch), 8.45 (s) y; nmr 0.82 (distorted t, 6H),l.38 (multiplet, 6H^), 2.04 (distorted t, 2H), 3.78 (t, J=6Hz, 2H) ppm.
Reaction of n-Butanol with NNDBS; Preparation of n-Butyl Butyrate.
The reaction was carried out as described in the preceding experiment.
NNDBS (6.30 g, 0.02 m) was dissolved in 25 ml o£ methylene chloride to
which was added n-butanol (2.96 g, 0.04 m). After the brisk exothermic
reaction had subsided, the stirring was continued for 3 hr. The solid
which precipitated was filtered to give benzenesulfonamide (2.9 g, 0.018
m, 92.3%): mp 150-152°. The filtrate was treated as described in the
reaction with ethanol and the solvent removed by rotary evaporation. A
residue of 3 g was collected. Reaction with 2,4-dinitrophenylhydrazine
gave the butyraldehyde derivative, mp 120-122° (lit.^^ 122°). Analysis
of the residue by glc (column temperature 115°) gave a major peak at
3.75 min (53%). Other peaks of retention times 0.2 min (butyraldehyde,
20%), 1.0 min (unreacted alcohol 20%), and 1.75 min (unidentified com¬
pound, 7%) were observed. The unreacted alcohol was separated from the
major product as described in the preceding experiment. The solvent was
removed by rotary evaporation. The residue was fractionally distilled
at atmospheric pressure to give n-butyl butyrate (1.5 g, 50.6%): bp
161-164°(lit.165°); 1.4072 (lit. 1.4075); ir 3.35 (s) , 3.45
(sh), 5.78 (s, >C=0 stretch), 6.85 (m), 7.95 (b, C-O-C stretch), 8.45
(s) y; nmr 0.74 (distorted t, 6H), 1.38 (multiplet, 6H), 2.2 (distorted
t, 2H), 3.88 (t, J=6Hz, 2H) ppm.
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Reaction of Neopentyl Alcohol with NNDBS; Preparation of 2,2-
Dimethylpropy-2,2-diinethylpropionate.—Neopentyl alcohol (3.52 g, 0.04 m)
was added to NNDBS (6.3 g, 0.02 m) dissolved in 25 ml of methylene
chloride, and the procedure was followed as described in the experiment
with n-propanol and NNDBS. The solid which precipitated was filtered
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to give benzenesulfonamide (3 g, 0.019 m, 95.5%): mp 150-152° (lit.
152°). The solvent was removed by rotary evaporation, leaving a residue
of 3.8 g. Reaction with 2,4-dinitrophenylhydrazine showed no presence
of an aldehyde. Analysis by glc showed a major peak of retention time
4.2 min (60%). There were also unidentified peaks of retention times
1.0 min (20%) and 1.5 min (20%). Purification by glc gave 2,2-dimethyl-
propyl-2,2-dimethylpropionate (2 g, 57%): bp 161-163°; 1.4115; ir
3.38 (s), 3.62 (sh), 5.80 (s, >C=0 stretch), 6.75 (s), 7.15 (m), 7.29 (s),
7.78 (s), 8.3 (b, C-O-C stretch) p; nmr 0.7 (s, 9H), 0.96 (s, 9H), 3.54
(s, 2H) ppm.
Reaction of Ethanol and Tertiary-Butanol with NNDBS; Preparation
of Tertiary-Butyl Acetate.--The experiment was performed as described in
the preceding experiment. Ethyl alcohol (1.84 g, 0.04 m) and tertiary-
butyl alcohol (2.96 g, 0.04 m) were mixed in a 1:1 ratio and added to
NNDBS (6.30 g, 0.02 m) dissolved in 30 ml of methylene chloride. An
exothermic reaction occurred followed by precipitation of a solid. After
stirring for 3 hr, benzenesulfonamide (3 g, 0.019 m, 95.5%) was filtered.
The filtrate was treated as in the experiment with n-propanol and NNDBS
and the solvent was removed by fractional distillation. A liquid (2.8 g.
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ip 75-100®) was collected. Analysis by glc showed two major peaks of
•etention times 1.25 min, identified as ethyl acetate (55%) and the
>ther 7.75 min (30%). There was a minor peak at 0.75 min, identified
Ls unreacted tertiary-butyl alcohol (5%) and another minor unidentified
)eak with retention time of 3.75 min (10%). Both major fractions were
:ollected by preparative glc to give ethyl acetate (1.2 g, 40%) and
:ertiary-butyl acetate (0.6 g, 2.3%): bp 95-97® (lit.^^ 97-98®); ir 5.78
>, >C=0 stretch), 6.84 (s), 7.15 (w), 7.28 (m), 7.85 (b, C-O-C stretch)
i; nmr 1.74 (s, 9H), 2.46 (s, 3H) ppm.
Reaction of NNDBS with 3,3,3-Trifluoroethanol.--The reaction was
carried out as described in the experiment of n-propanol and NNDBS.
),3,3-Trifluoroethanol (4 g, 0.04 m) was added to NNDBS (6.30 g, 0.02 m)
lissolved in 30 ml of methylene chloride. After 3 hr no reaction had
;aken place and the flask was warmed to reflux for another hour. After
;his time, there was no evidence of reaction as seen by analysis of the
■eaction mixture with glc or ir. The solvent was removed by rotary evap-
iration and the original amount of the alcohol was recovered. The NNDBS
6.0 g) was recovered unchanged.
Reaction of Benzyl Alcohol with NNDBS.--The reaction was carried
lut as described in the experiment between ethanol and NNDBS. NNDBS
6.30 g, 0.02 m) was dissolved in 25 ml methylene chloride and benzyl
ilcohol (4.32 g, 0.04 m) was added to the mixture. There was a vigorous
(xothermic reaction followed by precipitation of a solid and a change
.n the color of the reaction mixture from red to pale yellow. After
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stirring for 3 hr, the solid was filtered to give benzenesulfonamide
(3 g, 0.019 m, 95.5%): mp 150-152°. The filtrate was treated as in the
experiment with ethanol and NNDBS. The solvent was removed by rotary
evaporation, leaving a residue of 4 g. Analysis by glc (column tem¬
perature 150°) showed a major peak of retention time 1.4 min (benzalde-
hyde, 75%), two minor peaks of retention times 2.5 min (unreacted alco¬
hol, 15%), and an unidentified peak of retention time 3 min (10%).
The unreacted alcohol was separated from the major product as described
in the reaction of n-propanol and NNDBS. The solvent was removed by
rotary evaporation and the residue was purified by fractional distillation
to give a liquid (2.5 g, 57.8%): bp 175-178° (lit. 179°); 1.54671
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(lit. 1.54629); ir 3.35 (s), 5.90 (s, >C=0 stretch), 6.32 (w),
6.95 (m), 8.40 (m), 13.5 (b), 15.5 (b) y; nmr 7.24 (multiplet, 110»
7.72 (multiplet, 5H) ppm.
Reaction with 2,4-dinitrophenylhydrazine gave a derivative with
mp 235-237° (lit.^^ 237°). The product was confirmed as benzaldehyde
from its ir and nmr spectra which were identical in all respects to
those of an authentic sample and the melting point of the derivative was
unchanged on admixture with the 2,4-dinitrophenylhydrazone derivative of
the authentic sample.
Reaction of n-Heptyl Alcohol with NNDBS; Preparation of
n-Heptyl Heptanoate.—The reaction was carried out as described in the
reaction of n-propanol and NNDBS. Heptyl alcohol (4.56 g, 0.04 m) was
reacted with NNDBS (6.30 g, 0.02 m) dissolved in 25 ml of methylene
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chloride at room temperature. After the exothermic reaction had sub¬
sided and the mixture was stirred for 3 hr, the white solid which pre¬
cipitated was filtered to give benzenesulfonamide (3 g, 0.019 m, 95.5%) :
mp 150-152°. The filtrate was washed as described in the experiment
with n-propanol and the solvent was removed by rotary evaporation. The
residue (4.0 g) was analyzed by glc (coliann temperature 195°). The
major peak had a retention time of 4.3 min (85%). There was a small
peak at 0.35 min (unreacted alcohol 10%) and other minor peaks at 1.5
and 1.9 min (5%) which were unidentified. The unreacted alcohol was
separated from the major product by column chromatography. The mixture
was then distilled at reduced pressure to give n-heptyl heptanoate (3.3
on 1 T on
g, 72%) : bp 46°/5 mm; 1.4345 (lit. n^^ 1.4345); ir 3.43 (s), 3.50
(sh), 5.77 (s, >C=0 stretch), 6.73 (s), 7.33 (m), 8.18 (b), 9.11 (b),
9.11 (b) y; nmr 0.84 (distorted t, 6H), 1.18 (multiplet, 18H), 2.24 (dis¬
torted t, 2H), 4.4 (t, J=6Hz, 2H) ppm.
Reaction of Secondary Butanol with NNDBS; Preparation of
2-Butanone.--Secondary butyl alcohol (1.48 g, 0.02 m) was reacted with
NNDBS (3.15 g, 0.01 m) dissolved in 25 ml of methylene chloride and the
procedure was followed as described in the experiment with n^-propanol.
After the exothermic reaction had subsided, the mixture was stirred for
3 hr. The solid which precipitated during the reaction was filtered to
give benzenesulfonamide (1.5 g, 0.045 m, 95.5%); mp 150-152°. The fil¬
trate was washed twice with 10-ml portions of 10 per cent aqueous sodium
bicarbonate. The filtrate was removed by fractional distillation and the
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residue (1.8 g) was analyzed by glc. The major peak had a retention
time of 2.7 min (80%). Other minor peaks had retention times of 0.5 min
(unreacted alcohol, 5%), 0.8 min (unidentified peak, 12%). The unreacted
alcohol was separated from the product as described in the experiment
with n-propanol. The solvent was removed by fractional distillation
and the residue was distilled at atmospheric pressure to give 2-butanone
(1.0 g, 77%): bp 76-78“ (lit.^^ 77-79°); ir 3.42 (m), 3.45 (sh), 3.5 (sh),
5.75 (s,>C=0 stretch), 6.9 (m), 7.4 (s), 8.65 (b) y; nmr 0,94 (t, J=6Hz,
3H), 2.4 (s, 3H), 4.5 (q, J=8Hz, 2H) ppm. Reaction with 2,4-dinitro-
phenylhydrazine gave an immediate yellow precipitate, mp 128-129° (lit.^^
129°) which was identified as the 2,4-dinitrophenylhydrazone derivative
of 2-butanone.
Reaction of Tertiary-Butanol with NNDBS.--The procedure was fol¬
lowed as described in the experiment with ethanol and NNDBS. Tertiary-
butanol (2.96 g, 0.04 m) was added to NNDBS (6.3 g, 0,02 m) dissolved
in 25 ml of ethylene chloride. After stirring the mixture for 3 hr, no
evidence of a carbonyl absorption stretch was observed by ir. The sol¬
vent was removed by rotary evaporation and both starting materials were
recovered in quantitative yield unchanged.
Reaction of 2-Methyl-2-propanethiol with NNDBS; Preparation of
2-Methyl-2-propyl Disulfide.--In a three-necked 200 ml distilling flask
containing 25 ml of carbon tetrachloride and fitted with a magnetic
stirrer and a dropping funnel was dissolved NNDBS (3.15 g, 0.01 m) with
stirring. One neck of the flask was fitted with a delivery glass tube.
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and the other was connected to a nitrogen tank by a rubber tube attached
to a one-hole rubber stopper inserted in the neck of the flask. 2-Methyl-
2-propanethiol (1.80 g, 0.02 m) was placed in the dropping funnel. The
delivery glass tube was dipped in a flask containing aqueous sodium
hydroxide (100 ml, 0.1020 M) to neutralize any liberated hydrogen bro¬
mide. The mercaptan was then added dropwise. An exothermic reaction
followed almost immediately with evolution of a gas. Nitrogen was then
swept into the reaction flask for another 3 hr to bubble the gas in the
base. Benzenesulfonamide (1.5 g, 0.0045 m, 95.5%), mp 150-152®, pre¬
cipitated. The base was then titrated with a 0.1 N standard hydrochloric
acid with phenolphthalein as indicator. The result indicated that 0.004 m
of the gas was collected.
The filtrate was treated as described in the experiment with
ii-butanol. The solvent was removed by a rotary evaporator and the
residue (2 g) was analyzed by glc (colxmin temperature 170°). A major
peak appeared at a retention time of 1.2 min (80%) and an unidentified
minor peak of retention time 2.3 min (20%). The residue was then dis¬
tilled under reduced pressure to give the disulfide (1.5 g, 83%) as a
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colorless liquid: bp 36“/4 mm; n^ 1.4966; ir 3.45 (s), 3.73 (sh),
6.90 (s), 7.06 (sh), 7.2 (m), 7.25 (s), 8.23 (b), 12.48 (b) y; nmr 1.56
(s, Oty ppm. Reaction of the compound with chlorine at -20° gave a
yellow to orange-red liquid, alkanesulfenyl chloride. Reaction with
nitric acid oxidized it to the corresponding sulfonic acid.^^
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Reaction of Butanethiol with NNDBS; Preparation of Butyl
Disulfide.--The experiment was carried out under similar conditions as
described in the reaction between NNDBS and 2-methyl-2-propanethiol.
1-Buthanethiol (1.84 g, 0.02 m) was added to the NNDBS (3.15 g, 0.01 m)
in carbon tetrachloride solvent. The solid which precipitated was
collected to give benzenesulfonamide (1.5 g, 0.004 m, 95.5%): mp 150-
152°. The gas liberated was collected and titrated as in the preceding
experiment. The amount collected was 0.0041 m. The solvent was removed
by rotary evaporation leaving a residue of 2 g which was analyzed by
glc (column temperature 170°). A major peak of retention time 3.5 min
(90%) was observed as well as an unidentified peak of 2 min retention
time (10%) . The mixture was then distilled by reduced pressure to give
butyl disulfide (1.6 g, 88%): bp 48°/4 mm; n^° 1.4925 (lit.^^ n^^ 1.4926);
ir 3.45 (s), 3.74 (sh), 6.92 (s), 7.15 (w), 7.3 (s), 7.92 (s), 8.25 (b),
9.12 (s), 12.25 (b); nmr 0.9 (distorted t, 6H), 1.5 (multiplet, 8H),




The reaction of NNDBS with primary, secondary and tertiary
alcohols may be regarded as a general one. Primary alcohols react to
give the ester as the major product (with the exception of benzyl
alcohol which gives benzaldehyde as the major product). A yield rang¬
ing between 50-72% was obtained. Secondary alcohols give the ketone
as the primary product, while no reaction occurs with tertiary-alcohols.
The reaction is believed to proceed via a free radical mechanism, in which
molecular bromine is produced in a low steady state concentration. The
reaction is vigorous and exothermic and benzenesulfonaraide is produced
in almost quantitative yield in each reaction. The short chain alcohols
generally give aldehydes as side reactions. Mercaptans react in a simi¬
lar way to yield disulfides and this is the primary product whether it
is a primary, secondary, or tertiary mercaptan. Molecular bromine also
oxidizes the mercaptans to the disulfides. A list of the alcohols and




Alcohols and Mercaptans Reacted with NNDBS
Name of Name of
Compound
Product „ j ProductCompound
Methyl alcohol Methyl formate n-Butanethiol n-Butyl disulfide



















1. A. C. Oehlschlager, C. D. Kennedy and H. Zalkow, J. Org. Chem.,
3^, 1682 (1966).
2. S. Takemura, Y. Ando, H. Terauchi and Y. Ueno, Chem. Pharm. Bui1.,
16, 1881 (1968).
3. S. Takemura, Y. Ando, H. Terauchi and Y. Ueno, ibid., (Tokyo) 15,
1331 (1967).
4. J. J. Walker, M. S. Thesis, Atlanta University, June, 1968.
5. Y. Ueno, S. Takemura, Y. Ando, and H. Terauchi, Chem. Pharm. Bull.,
1^, 1198 (1967).
6. M. S. Kharasch and H. M. Priestly, J. M. Chem. Soc., 61, 3425
(1939).
7. R. T. Morrison and R. N. Boyd, "Organic Chemistry," Allyn and
Bacon, Inc., Boston, 1966, p. 185-187, 2nd Edition.
8. C. Walling, A. L. Rieger and D. D. Tanner, J. M. Chem. Soc., 85,
3129 (1963).
9. G. A. Russel and K. M. Desmond, ibid., 3139 (1963).
10. J. D. Parker, H. J. Gerjovich, W. R. Lycan and J. R. Lacher, ibid.,
74, 2189 (1954).
11. K. Zeigler, Ann., 551, 80 (1942).
12. J. D. Roberts and M. C. Caserio, "Basic Principles of Organic
Chemistry," W. A. Benjamin and Co., New York, 1965, p. 754.
13. R. C. Weast, "Handbook of Chemistry and Physics," The Chemical
29
30
Rubber Co., 18901 Canwood Parkway-Cleveland, Ohio, 1970, 50th
Edition.
14. R. L. Shriner, R. C. Fuson, and D. Y. Curtin, "Systematic Identi¬
fication of Organic Compounds," John Wiley § Sons, Inc., New York,
London, Sydney, 5th Edition.
15. Carl R. Noller, "Chemistry of Organic Compounds," W. B. Saunders
Co., Philadelphia and London, 1965, p. 306, 3rd Edition.
